Background: Pelvic floor dysfunction is known to be among the principal factors influencing public health, regarding frequency, cost and effect on women's quality of life. Radiographic assessment of the pelvic floor function and anatomy plays a vital role in the recognition of pelvic floor defects. The aim of this study is to detect the postpartum-related levator ani muscle changes thus defining the relationship between the vaginal deliveries and the etiology of pelvic floor dysfunction in order to provide guidelines to decrease the incidence of pelvic floor injuries during parturition and guide the treatment plan.
Background
Pelvic floor dysfunction is known to be among the principal factors influencing public health, regarding frequency, cost, and effect on women's quality of life [1] .
Vaginal delivery is considered to be the most eminent predisposing factor for prolapse as a result of levator muscle insult, which has serious consequences on pelvic organ support and is strongly associated with pelvic organ prolapse [2] .
During vaginal childbirth, the levator ani muscle is subjected to extensive deformation with consequent stretch-related injuries including tearing of the muscle as well as atrophy. The puborectalis muscle is required to be stretched during delivery to more than three times its original length. This stretching is over twice what the striated muscle can endure without injury in a nonpregnant female [3] . Therefore, levator ani muscle (LAM) injuries occur in 13-36% of women following vaginal childbirth [4] .
The levator ani muscle complex represents the main support for the pelvic organs and assists to preserve their continence. The levator ani muscles are concealed in the pelvis making their assessment clinically very difficult [5] .
In order to diagnose levator muscle injury, the available imaging modalities are ultrasound and magnetic resonance imaging (MRI). Three-dimensional (3D) ultrasound has the advantage of being cheap and accessible facilitating its application during pregnancy and the puerperium to assess the levator ani muscle. Yet limited wave depth is a disadvantage that might fail to detect potential injuries as well as morphological changes following delivery [6] .
Magnetic resonance imaging (MRI) has been utilized to evaluate pelvic floor disorders from the mid-1980s by imaging the levator ani complex due to its multiplanar capability and superior soft-tissue contrast as well as high temporal resolution. Static images are used to assess the morphological features of the levator ani complex while dynamic images during straining and contraction are utilized to assess the functional changes [5] .
Methods
This study is a case-control study (cases and controls are of matching sex and age), during the period from October 2017 to April 2018.
This study was approved by the research ethics committee of the radiology department in our institute. All patients included in this study gave written informed consent to participate in the research.
Patients
It included 52 female patients. The case group, 34 females with previous vaginal deliveries; the control group, 26 females with no previous history of vaginal delivery. Both were subjected to static and dynamic noncontrast MRI scanning.
Inclusion criteria for the patient group
Adult female patients, age starting from 20 years and below 60 years. Having a previous history of single or multiple vaginal deliveries. Having different symptoms of pelvic floor weakness and dysfunction, ranging from urinary incontinence up to descending perineum syndrome.
Inclusion criteria for the control group
Adult female patients, age starting from 20 years and below 60 years. Not complaining of any symptom of pelvic floor weakness or dysfunction. No previous history of vaginal delivery.
Exclusion criteria
Previous pelvic floor surgeries. Nulliparous women with pelvic floor dysfunction related symptoms.
MR imaging
MRI was performed for the pelvic floor using 1.5 Tesla magnet scanners by two devices (Intera and Achieva, Philips medical system). All patients were examined in the supine position using a torso body coil. Total study time ranged from 30 to 45 min. No sedation was used.
Patient preparations
All patients underwent rectal enema the night before the MRI examination. No fasting preexamination was required. Patients were asked not to void 2 h before the examination. Explanation of the technique and training of the patients was done prior to the examination to ensure the patient understands how to preform Valsalva maneuver properly. The rectum was opacified with 120-180 ml of ultrasonography gel (Aquasonic; Parker Laboratories, Fairfield, NJ) in patients with anal incontinence and increased to 300 ml in patients of obstructed defecation syndrome. Pads were placed underneath the patients to protect the coils and ensuring patient comfort. Elevating patients' legs by a pillow was done in patients with obstructed defecation symptoms to facilitate evacuation. A doctor was attending all the examinations and accompanying the patients during the dynamic scan to make sure they are compliant and to explain what they are expected to do at each phase of the examination. Sagittal plane: Acquisition of five sections during 5 phases: At rest, contraction of pelvic floor, mild, moderate, and maximum straining. Coronal and axial planes: Acquisition of three sections during 3 phases: At rest, moderate, and repeated maximum straining to ensure maximal Valsalva maneuver. Evacuation phase: 5 dynamic scans were acquired in the sagittal plane with slice thickness 3 mm, gap 0 mm. The evacuation sequence was considered adequate when the injected gel is seen passing through the anal canal lumen.
MRI imaging protocol

C) Image post-processing and analysis:
Qualitative and quantitative analysis of the MR images was done as a double-blind analysis by two radiologists one with 5 years of experience and the other with 9 years of experience. The inter-observer variability was 0.6.
A basic understanding of pelvic floor anatomy is essential for adequate anatomic and functional evaluation of the pelvic floor on MR imaging. For purposes of clinical evaluation, the female pelvis is classically divided into 3 compartments: the anterior compartment containing the bladder and urethra; the middle compartment containing the uterus, cervix, and vagina; and the posterior compartment containing the rectum and anal canal [7] .
These compartments are closely inter-related, and usually patients present with multi-compartmental dysfunction. The compartments of the pelvic floor are supported by a complex network of fascia, ligaments, and pelvic floor muscles that form 3 layers of support the endopelvic fascia (superior), the pelvic diaphragm which is also called levator ani complex (middle), and the perineal membrane or urogenital diaphragm (inferior). The fascia and ligaments provide passive support, while the pelvic diaphragm muscles provide the underlying tone and can be recruited for active support [8] .
I. Analysis of static images:
Endopelvic fascial defect: which wraps the pelvic organs supporting them "but it is normally too thin to be recognized at MR imaging except for its condensations (the cardinal, uterosacral, and urethral ligaments) Level I fascial defect: it is caused by detachment of the uterosacral ligament with consequent posterior sagging of the vagina bilaterally giving the "chevron sign". Level II fascial defect: it is caused by loss of the vaginal supporting fascia from the lateral pelvic wall leading to sagging of the posterior urinary bladder wall and loss of vaginal normal configuration that is known as "Saddle Bags sign" Level III fascial defect: it is caused by bilateral sagging of the fat in the pre-vesical space against the detached lower third of the anterior vaginal wall from the arcus tendineus fascia pelvis it is recognized as "Drooping Mustache" [8, 9] . Vaginal configuration: normally it is butterfly or H shaped. Urethral supporting ligaments: they are assessed for asymmetry, any disruption or discontinuity, they are divided into anterior ligaments which are the periurethral ligaments arise from the puborectalis muscle and course ventrally to the urethra, whereas the paraurethral ligaments arise from the lateral wall of the urethra to the periurethral ligaments, and the pubourethral ligaments a pair of fibromuscular ligaments close to the midline [10] . and dorsal ligaments which are suburethral ligament is seen dorsal to the urethra, runs posterior to it in the form of a suburethral sling, having a plane of cleavage between this ligament and the anterior vaginal wall [11] . Puborectalis muscles: were assessed for muscle thickness and defects Iliococcygeus muscles: were assessed for muscle thickness, loss of the normal symmetric appearance of its muscle slings or defects. Anal sphincter: is assessed for structural change: which may be in the form of either tears/defect "discontinuity of the muscle ring" or scarring "low-signal-intensity deformation of the normal muscle pattern" and volume change: classified into Focal "Thinning or Thickening" or Diffuse "Atrophy" volume change [8, 9] . (Figs. 1d and 2d, e).
II. Analysis of dynamic images:
A) The supportive measurements: H-line: it is the distance from the inferior symphysis pubis to the posterior ARJ, representing the anteroposterior width of the levator hiatus. M-line: the perpendicular distance from the PCL (pubococcegeal line) to the most distal aspect of the H-line to evaluate levator plate activity.
Levator plate angle (LPA): it is measured in the midsagittal dynamic plane at rest and on straining in relation to the PCL. The iliococcygeus angle: it is measured in the dynamic coronal plane at the level of the anal canal between the iliococcygeus muscle and the transverse plane of the pelvis "obtained by joining the point the iliococcygeus muscle originates from the obturator internus". It reflects the degree of movement and descent of the muscle. The levator hiatus width: it is measured in the axial dynamic plane between the medial aspect of the right and left levator ani muscle at the level of the lateral vaginal wall for any asymmetry or ballooning (Figs. 1a-c and 2a-c). 
III. Statistical analysis:
Results were tabled and statistically analyzed using SPSS vs. 15. Parametric data was expressed as minimum, maximum, mean and SD. Comparison between two groups was done using unpaired t test (t). Comparison between more than two groups was done using the one-way ANOVA test (F).
Non parametric data was expressed as number and percentage. Comparison between two groups or more was done using chi-square (X 2 ). Correlation between two parametric variables was done using Pearson's correlation (r). Two-tailed P value > 0.05 was considered insignificant and ≤ 0.05 was considered significant. 
Results
Fifty-two female patients were included in this study, their age ranged from 20 to 59 years, they were divided into two groups, case group; twenty-six females who underwent vaginal deliveries with mean age 41.1 years. Control group; twenty-six nullipara females of mean age 34.35 years. Comparison of pelvic floor muscle thickness in both groups revealed significant affection of both right and left puborectalis muscles in the case group with P value (≤ 0.001). Also, the left iliococcygeus and puborectalis midpoint thickness were significantly affected in the case group with P value (0.05 and 0.03 respectively). Yet the right iliococcygeus showed no significant difference ( Table 1 ).
In the case group, 46.2% had puborectalis muscle injury:, ranging from partial thickness tears up to bilateral full thickness tear divided as follows: 11.5% right partial thickness tear,7.7% right insertion detachment, 7.7% bilateral partial thickness tear, 3.8% right full thickness tear, 3.8% left full thickness tear, 3.8% bilateral full thickness tear, 3.8% right partial thickness tear as well as midpoint disruption, and 3.8% midpoint disruption only. 88.5% of the case group showed no ilio-coccygeus tear, 3.9% left partial thickness tear, 3.9% right partial thickness tear and 3.9% left full thickness tear. As a conclusion, we can say that puborectalis muscles are affected more commonly than ilio-coccygeus muscles ( Table 2) .
Pelvic floor descent occurred with different grades in almost all gravida cases (34.6% severe, 46.2% moderate and 19.2% mild). Hiatal enlargement beyond normal values occurred in 88.5% of the case group (57.7% mild, 26.9% moderate, and 3.9 severe) while 11.5% showed normal hiatal enlargement.
Among the studied cases, we found that 3.85% of cases have mono-compartment affection, 23% bi-compartments affection, and 73% has multi-compartmental affection; Accordingly, the majority of cases have multi-compartmental affection.
In the anterior compartment 73.1% of the case group had bladder neck descent and 50% had cystoceles divided into 30.8% mild, 15.4% moderate, and 3.8% severe grades. The middle compartment is affected in 92.3% of the cases having cervical descent "vaginal vault descent in hysterectomy cases (53.8% mild, 34.6 moderate, and 3.9 severe). In the posterior compartment, 92.3% of cases had rectal prolapse and 73.1% had rectocele (57.7% moderate and 15.4 mild) ( Table 3) .
The levator plate angle and the iliococcygeus angle were increased in 96.2% and 92.3% of the cases respectively. The endopelvic fascia was affected in 88.5%, all levels were affected in 38.5%, level III in 34.7%, levels I and II in 11.5%, and levels II and III in 3.8%. As for urethral ligaments, they were affected in 26.9% right suburethral tear/ distortion in 3.8% and bilateral suburethral tear/distortion in 23.1%. 7.6% of cases had incontinence with equal prevalence of urinary incontinence only and both urinary incontinence and stool incontinence 3.8% each.
There was decreased muscle thickness with age as the right puborectalis showed a highly significant P value of 0.004; the left puborectalis and puborectalis midpoint thickness showed significant P values 0.01 and 0.03 respectively yet the right and left iliococcygeus muscles showed nonsignificant P values of 0.45 and 0.16 respectively. There was also decreased muscle thickness with increased number of vaginal delivery; the right and left puborectalis muscles thickness in multi-gravida are significantly affected, with highly significant P values 0.014 and 0.01, respectively, yet the puborectalis midpoint and both iliococcygeus muscles showed nonsignificant affection.
Discussion
Magnetic resonance imaging (MRI) of the pelvic floor has become an increasingly utilized method for pelvic floor weakness assessment and pelvic organ prolapse. It allows assessment of all the compartments at rest and strain within a single examination. In addition, MRI allows assessment of the muscular and ligamentous anatomy of the pelvic floor as well as potential other incidental findings that may contribute to the symptoms. Moreover, MRI is less invasive, does not entail any ionizing radiation, and is less dependent on operators [12] .
In the dynamic scans, we studied changes in all three compartments of the pelvic floor as pelvic floor dysfunction is almost always multi-compartmental even if the presentation was unicompartmental.
Among the studied cases, we found that 3.85% of cases have mono-compartment affection, 23% bi-compartments affection, and 73% had multi-compartmental affection; accordingly, the majority of cases have multi-compartmental affection.
As for the anterior compartment, 73.1% of the case group had bladder neck descent and 50% had cystoceles, while in the middle compartment, 92.3% of the cases had cervical descent "vaginal vault" descent in hysterectomy. In the posterior compartment, 92.3% of cases had rectal prolapse and 73.1% had rectocele. The above findings are in concordance with Bitti et al. [13] and Law et al. [10] who reported that female patients presenting with symptoms of unicompartmental affection often have generalized damage of their pelvic floor as a whole with increased incidence of recurrence following repair of the symptomatic compartment only. This is also in agreement with Woodfield et al. [14] who reported the superiority of MRI having the capability to assess the pelvic floor support structures as well as Mean ± SD 5.9 ± 2.1 6.9 ± 0.99 simultaneously scanning all pelvic compartments in order to detect pelvic organ prolapse in any compartment as usually more than one compartment is affected. In this study, there was a significant difference between case and control groups in pelvic floor muscle thickness with P value ≤ 0.001 for right and left puborectalis muscles and P value 0.05 and 0.03 for left ilicoccygeus and puborectalis midpoint thickness, respectively, with 46.2% of the case group having puborectalis muscle injury and 11.5% having iliococcygeus muscle injury. The correlation between vaginal delivery and muscle thickness revealed a significant difference in the right and left puborectalis muscle thickness in multi-gravida with P value = 0.014 and 0.01.
This agrees with Leijonhufvud et al. [15] who reported increased rates of surgeries for stress urinary incontinence and pelvic organ prolapse surgery with increased number of vaginal deliveries.
Also agreeing with Bitti et al. [13] who stated that the puborectalis muscle is often injured during vaginal delivery, the injuries can be in the form of tear, thinning, bowing, and atrophy following pudendal nerve affection.
Similarly, Naganawa et al. [16] stated that there is a directly proportionate relation between the number of vaginal deliveries and downward displacement of the rectum; there were significant differences in the distance from the rectum descent to PCL between the nulliparous and multipara groups (p < 0.01).
Those results are coinciding with those stated by Yan et al. [17] who studied 80 women 45-60 days postpartum showing a prevalence of puborectalis injuries in 13.75%. They also emphasized the importance of postpartum MRI examination to rule out associated iliococcygeus muscle injuries or thinning that can be missed by ultrasound examination. These results also agreed with Alt et al. [18] detecting numerous superficial and deep pelvic morphological changes between nulliparous and primiparous female (P < 0.001).
DeLancey et al. [19] disagree with these results as they studied the integrity and bulk of puborectalis muscle by MRI following vaginal delivery and stated that it was visible in its expected location with no evidence of muscle avulsion from its pubic attachment.
In this study, we detected that puborectalis muscle thickness decrease with age with p values 0.004, 0.01 and 0.03 for the right puborectalis, the left puborectalis and puborectalis mid point thickness respectively while iliococcygeus muscles showed no significant difference.
This agrees with Alperin et al. [20] who discovered that the thickness of all pelvic floor muscles was siginificantly decreased with aging (P < 0.05).
Also, Rahmanou et al. [21] stated that there is a noteworthy correlation found between the increased age of the primigravida mother and the risk of pelvic floor injury with evidence of at least one form of major pelvic floor trauma (P = 0.003) as well as levator avulsion in (18.7%), micro-trauma in (12.8%), and obstetric anal sphincter injuries in (24.4%).
This was consistent with the previous researches done by Bozkurt et al. [22] who stated that the incidence of pelvic floor dysfunction rises markedly with age nearly 10% of women with age range 20 to 39 years, in comparison with 50% of females aged ≥ 80 years suffer from at least one pelvic floor dysfunction disorders, with higher prevalence in multiparous females compared with nulliparous females, thus emphasizing the role of obstetric trauma.
In this study, the relation between pelvic floor descent and both PR and IL muscle thickness without tears as well as muscle defects was insignificant with P value ≥ 0.05; that was agreeing with Dietz HP et al. [23] whose study was designed to quantify the role of a direct childbirth trauma to the insertion of the puborectalis muscle, on the inferior pubic ramus. Such trauma is common and clearly linked to vaginal delivery; their results stated pelvic organ prolapse was seen in 150/181 (83%) women with puborectalis defects and in 265/600 (44%) women without puborectalis defects (P < 0.0001).
Conclusion
MRI is the modality of choice for identifying and grading of pelvic floor dysfunction as well as the underlying anatomical defects and it should be routinely performed postpartum for screening of pelvic floor injuries and hence allowing early detection of abnormalities with prompt treatment thus preventing the development of PFD predisposed to by vaginal deliveries. 
